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Important clinical advances in the understanding of 
Clostridium difficile infection 
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Purpose of review 
Clostridium difficile remains an important cause of infectious colit is, part icular ly in f iealthcare facil it ies. 

This review summarizes recent advances in fhe ep idemio logy , d iagnosis , and treatment of this endemic 

pathogen. 

Recent findings 
C. ,c//ffic/Ve infectipn (GDIl'rbdspitqllzatipns a mortality rates have incneasedsover-.the last decade . The , 

B l / N A P l / 0 2 7 strain has Been responsible for epidemics With increased sevei^ity dn9 m is now 

endemic in many settings, part icular ly Nor th Amer ica . Concurrent ant ibiot ics have now been shown to 

decrease the cure rates for anti-C. difficile therapy and increase the risk of recurrence. Al though studies 

impl icate proton pump inhibitors as a risk for CDI , the magni tude of a n d the b io log ica l basis for that risk 

remain unclear. Mo lecu la r diagnost ic techniques are rap id and sensitive but h ighl ight the importance of 

using appropr ia te c l in ical testing cr i ter ia. Fidaxomicin is a promising new therapy associated wi th 

decreased i'ecurrence; infections due to B l strains, however, are associated wi th inferior outcomes 

regardless of the treatment agent. Fecal transplantation continues to have impressive success rates for 

patients wi th recurrent CD I , a n d a new colon-sparing surgical procedure presents an intr iguing suggested 

alternative to total colectorriy in severe, compl icated cases. . . . 

Summary 
Elucidating CDI risk factors, ident i fy ing rap id , accurate diagnost ic tools, a n d va l ida t ing new treatment 

approaches remains an urgent pr ior i ty. 
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IMTRODUCTION 
Clostridium difficile is the most important cause 
of infectious colitis among patients i n healthcare 
settings and is frequently seen i n patients outside of 
the hospital as well . Many important advances 
in understanding the epidemiology, diagnosis, 
and treatment of C. difficile infect ion (GDI) have 
occurred i n the last year. I n addition, recent advan
ces in the genetic manipulat ion of C. difficile have 
provided insight in to the molecular pathogenesis of 
CDI, including support for an independent role of 
tox in B [1], as well as conf i rming the importance 
of tox in A [2], the two main virulence determinants 
of this pathogen. The epidemic Bl/NAPl/027 strain 
has become endemic i n many Nor th American 
healthcare settings [3",4' ,5"] and over the past 
decade has had enormous impact on the epide
miology and management of CDI. This strain, of ten 
referred to as 'hypervirulent ' has an additional 

toxin , C. difficile transferase (CDT), the role of wh ich 
has remained unclear. New data, however, suggest 
that CDT may act by inducing microtubule-based 
protrusions on the surface of epithelial cells, wh ich 
facilitate adherence of C. difficile [6]; a possible 
receptor for this t ox in has also recently been 
identif ied [7*]. We anticipate a surge of data over 
the next several years h ighl ight ing new Insights in to 
the pathogenesis of CDI using these new molecular 
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Large intestine 

continues to play an important role i n susceptibility 
to both incident and recurrent CDI, but the role 
of acid-suppression therapy remains less clear. 
Our ability to accurately predict severe complicated 
disease and mortal i ty remains inadequate. NAAT 
testing is improving diagnostic sensitivity, includ
ing for epidemic strains, but requires consideration 
of the climcal context for interpretation. Fidaxo
mic in shows promise i n decreasing overall CDI 
recurrence, whereas fecal transplantation continues 
to show encouraging results for those w i t h recurrent 
or refractory CDI. We anticipate more data i n 
the near future on new treatment and prevention 
strategies, including additional narrow spectrum 
antibiotics [46], monoclonal antibodies [47], more 
effective probiotics [48] and biotherapeutics [49], 
and vaccines. One C. difficile toxoid vaccine (using 
inactivated whole toxins) was shown to be well 
tolerated and immunogenic i n a phase 1 dose-find
ing trial [50'] and other vaccines are i n precUnical 
development phases [51"]. Hopefully, w i t h these 
and other advances, we can start to significantly 
impact the rates of this persistent pathogen. 
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R E F E R E N C E S A N O R E C O M M E N D E D 

R E A D I N G 
Papers of par t icu lar in terest , p u b l i s h e d w i t h i n t h e annua l p e r i o d of rev iew, have 

been h igh l igh ted as : 

• of spec ia l in terest 

• • of ou t s tand ing in terest 

Add i t i ona l re fe rences re la ted to th is t o p i c c a n a iso be f o u n d in t h e Cu r ren t 

W o r l d L i terature sec t i on in th is issue (pp . 9 9 - 1 0 0 ) . 

1. Lyras D, O ' C o n n o r JR, Hov /a r th P M , etal. Tox in B is essen t ia l fo r v i ru lence of 

Clostridium difficile. Na tu re 2 0 0 9 ; 4 5 8 : 1 1 7 6 - 1 1 8 1 . 

2. Kuehne SA , C a r t m a n ST , H e a p JT, et al. T h e ro le of tox in A and toxin B in 

Clostridium difficile i n fec t ion . Na tu re 2 0 1 0 ; 4 6 7 : 7 1 1 - 7 1 3 . 

3. Loo V G , Bou rgau l t A - M , Poir ier L, ei al. H o s t and p a t h o g e n fac to rs fo r 

• Clostridium difficile i n fec t ion a n d co lon iza t ion . N Eng l J M e d 2 0 1 1 ; 3 6 5 : 

1 6 9 3 - 1 7 0 3 . 

Risk f ac to rs for hea l t hca re -assoc ia ted C D I a n d hea l t hca re -assoc ia ted C. difficile 

co lon iza t ion were eva lua ted and strain t yp ing by p u l s e d f ie ld ge l e l ec t ropho res i s 

w a s pe r f o rmed in a 1 5 - m o n t h p r o s p e c t i v e s t u d y o f 4 1 4 3 pa t ien ts in six C a n a d i a n 

hosp i ta ls . Rates of in fec t ion and co lon iza t ion w e r e similar, b u t t h e p reva lence o f 

N A P l (aka, B I / 0 2 7 ) a m o n g t h o s e i n fec ted ( 6 2 . 7 % ) w a s t w i c e that of t h o s e tha t 

w e r e co lon i zed ( 3 6 . 1 % ) , s u p p o r t i n g i n c r e a s e d v i ru lence fo r th is s t ra in . 

4 . B lack SR, W e a v e r K N , Jones R C , e t a/. Clostridium difficile ou tb reak st ra in B l 

• is highly e n d e m i c in C h i c a g o area hosp i ta l s . In fect C o n t r o l H o s p Ep idemio l 

2 0 1 1 ; 3 2 : 8 9 7 - 9 0 2 , 

The authors p rospec t i ve ly eva lua ted C D I c a s e s in 2 5 hosp i ta ls in C h i c a g o in 

February 2 0 0 9 and d e s c r i b e d rates of i nc iden t C D I , ra tes of re ia ted comp l i ca t i ons , 

and resul ts of g e n o t y p i n g s h o w i n g e n d e m i c i t y of t h e B l s t ra in . 

5. Pet re l la LA, S a m b o l S P , C h e k n i s A , et al. D e c r e a s e d cu re and inc reased 

• • r ecu r rence rates fo r Clostridium difficile i n fec t ion c a u s e d by the e p i d e m i c 

C. difficile B l s t ra in . C l in In fec t D i s 2 0 1 2 ; 5 5 : 3 5 1 - 3 5 7 . 

C. difficile i so la tes f r o m p h a s e III c l in ica l t r ia ls eva lua t ing f idaxomic in w e r e t y p e d 

us ing res t r ic t ion e n d o n u d e a s e ana lys is ; mul t ivar ia te analys is d e m o n s t r a t e d the B l 

s t ra in to be a r isk f a c t o r fo r d e c r e a s e d c l in ica l c u r e and i nc reased recu r rence 

inc lud ing pa t ien ts t r e a t e d w i t h f i daxom ic i n . 

6. S c h w a n C, S t e c h e r B, Tz ive lek id is T, et al. Clostridium difficile toxin C D T 

i n d u c e s fo rma t ion o f m i c r o t u b u i e - b a s e d p ro t rus ions and inc reases a d h e r e n c e 

of bac te r ia . P L o S P a t h o g 2 0 0 9 ; 5 : e 1 0 0 0 6 2 6 . 

7. P a p a t h e o d o r o u P, C a r e t t e JE, Be l l G W , etal. L ipo lys is -s t imu la ted l i popro te in 

• r ecep to r (LSR) is the h o s t r e c e p t o r fo r the b inary toxin Clostridium 

difficile t rans fe rase ( C D T ) . P roc Nat l A c a d S c i U S A 2 0 1 1 ; 1 0 8 : 1 6 4 2 2 -

1 6 4 2 7 . 

The l ipo lys is -s t imu la ted l i pop ro te in r e c e p t o r has b e e n ident i f ied as a likely r e c e p t o r 

fo r the b inary ao t i n -ADP- r i bosy la t i ng tox in of C . difficile. Th is f ind ing he lps 

e luc ida te the m e c h a n i s m of ac t i on o t t h e b inary tox in p r o d u c e d in s o m e s t ra ins 

of C. difficile, i n c l u d i n g t h e e p i d e m i c B I / N A P l / 0 2 7 s t ra in . 

8. L u c a d o J, G o u l d C, E l ixhauser A . Clostridium difficile in fec t ions (CDI ) in 

• hosp i ta l s tays , 2 0 0 9 . H C U P S ta t i s t i ca l Br ie f # 1 2 4 . January 2 0 1 2 . Rockv i l le , 

M D : A g e n c y fo r H e a l t h c a r e R e s e a r c h and Qua l i t y , h t t p : / / w w w . h c u p - u s . a h r q . -

g o v / r e p o r t s / s t a t b r i e f s / s b l 24 .pd f . 

This upda te f r o m the A g e n c y fo r H e a l t h c a r e R e s e a r c h and Qua l i ty repor ts da ta 

f r o m the Hea l thca re C o s t and Ut i l izat ion P ro jec t o n rates of C. difficile hosp i ta l iza

t i on , a s s o c i a t e d c o n d i t i o n s , a n d morta l i ty t h r o u g h 2 0 0 9 . 

9. Un i ted K i n g d o m . D e p a r t m e n t of Hea l t h . T h e heal th and soc ia l ca re ac t 

2 0 0 8 : c o d e of p r a c t i c e o n t h e p reven t i on and con t ro l of in fec t ions and 

re la ted g u i d a n c e . D e c e m b e r 2 0 1 0 . h t t p : / / w w w . d h . g o v , u k / p r o d _ c o n s u m _ d h / 

g r o u p s / d h _ d i g i t a l a s s e t s / d o c u m e n t s / d i g i t a l a s s e t / d h _ 1 2 3 9 2 3 . p d f [ A c c e s s e d 

1 A u g u s t 2 0 1 2 ] 

10. On ta r i o , C a n a d a . M in is t ry o f Hea l t h a n d L o n g - t e r m Care , Pub l i c Hosp i t a l s A c t . 

Hosp i t a l M a n a g e m e n t , R R O 1 9 9 0 , R e g 9 6 5 . July 2 0 1 2 . h t fp : / / can l i i . ca / t / 

5 1 v 7 k . [ A c c e s s e d 1 A u g u s t 2 0 1 2 ] 

11 . M c D o n a l d L C , L e s s a F, S ieve r t D, etal. Vi tal s i g n s : p revent ing Clostridium 

mm difficile i n fec t ions . M M W R M o r b Mor ta l W k l y R e p 2 0 1 2 ; 6 1 : 1 - 6 . 

The C e n t e r s fo r D i s e a s e C o n t r o l and Preven t ion repor t e p i d e m i o l o g i c a l d a t a fo r 

U S C D I s o b t a i n e d f r o m E m e r g i n g In fec t ions P r o g r a m act ive surve i l lance in e igh t 

areas. Nat iona l H e a l t h c a r e Sa fe t y N e t w o r k repo r t i ng , and three s ta te - led heal th

ca re -assoc ia ted in fec t ion r e d u c t i o n p r o g r a m s . T h e major i ty of in fec t ions f rom this 

p o p u l a t i o n - b a s e d s tudy w e r e n o t e d to be re la ted to hea l thcare exposure . 

1 2 . Kaspe r A M , Nyazee H A , Y o k o e D S , e t at A mu l t i cen te r s tudy of Clostridium 

m difficile i n fec t ion - re la ted c o l e c t o m y , 2 0 0 0 - 2 0 0 6 . Infect Con t ro l H o s p 

Ep idem io l 2 0 1 2 ; 3 3 : 4 7 0 - 4 7 6 . 

C o l e c t o m y rates fo r 0 . difficile a t f ive a c a d e m i c U S m e d i c a l c e n t e r s d i d 

not i nc rease over the p e r i o d ; c o m m u n i t y o n s e t o f d i sease w a s Ident i f ied as 

an i n d e p e n d e n t r isk f ac to r for c o l e c t o m y . 

13 . Hal l AJ, C u r n s AT , M c D o n a l d L C , etat T h e ro les of Clostridium difficile and 

• Norov i rus a m o n g gas t roen te r i t i s -assoc ia ted dea ths in the Un i ted S ta tes , 

1 9 9 9 - 2 0 0 7 . C l in In fec t D is 2 0 1 2 ; 5 5 : 2 1 6 - 2 2 3 . 

Gas t roen te r i t i s mor ta l i ty w a s r e v i e w e d b e t w e e n 1 9 9 9 and 2 0 0 7 and es t ima tes o f 

t h e p ropo r t i on re la ted to C. difficile and Norov i rus d i s c u s s e d ; C. difficile w a s t h e 

p r e d o m i n a n t in fec t ious c o n t r i b u t o r to i nc reas ing morta l i ty . 

1 4 . A l o n s o C D , T r e a d w a y S B , H a n n a D B , ef al. E p i d e m i o l o g y and o u t c o m e s 

• of Clostridium difficile i n fec t i ons in h e m a t o p o i e t i c s tem cel l t ransp lan t 

rec ip ien ts . C l in in fec t D is 2 0 1 2 ; 5 4 : 1 0 5 3 - 1 0 6 3 . 

T h e 1 -year i n c i d e n c e of G D I s w a s d e s c r i b e d for a c o h o r t of 9 9 9 hema topo ie t i c 

s t e m cel l t ransp lan t pa t ien ts and r isk f a c t o r s fo r d i sease in a l l ogene ic t ransp lan ts 

w e r e eva lua ted ; an a s s o c i a t i o n w i t h gas t ro in tes t i na l G V H D w a s n o t e d . 

15 . H u n K im J, Toy D, M u d e r RR. Clostridium difficile i n fec t ion in a long- te rm ca re 

faci i i ty : hosp i t a l - assoc ia ted i l lness c o m p a r e d w i t h long- te rm ca re -assoc i a ted 

i l lness. In fec t C o n t r o l H o s p E p i d e m i o l 2 0 1 1 ; 3 2 : 6 5 6 - 6 6 0 . 

16. G u e r r e r o D M , N e r a n d z i c M M , Jury LA, etal. Clostridium difficile i n fec t ion in a 

D e p a r t m e n t of Ve te rans A f fa i r s l ong - te rm ca re faci l i ty. In fect Con t ro l H o s p 

Ep idem io l 2 0 1 1 ; 3 2 : 5 1 3 - 5 1 5 . 

17. Mu l l ane K M , Mi l ler M A , W e i s s K, ef a/. E f f i cacy of f idaxomic in versus 

• • v a n c o m y c i n as t he rapy fo r Clostridium difficile i n fec t ion in ind iv iduals tak ing 

c o n c o m i t a n t an t ib io t i cs fo r o the r c o n c u r r e n t in fec t ions . C l in Infect Dis 2 0 1 1 ; 

5 3 : 4 4 0 - 4 4 7 . 

O u t c o m e s of cure rate and r e c u r r e n c e in pa t ien ts w i t h C D I w i t h and w i t h o u t 

concu r ren t an t ib io t i c use w e r e eva lua ted in t w o p h a s e III tr ials c o m p a r i n g f idax

om ic i n and v a n c o m y c i n . Pa t ien ts w h o t o o k c o n c u r r e n t an t ib io t i cs had infer ior 

o u t c o m e s for b o t h c u r e and r e c u r r e n c e ( the la t ter d i d no t reach s ta t is t ica l 

s ign i f i cance) c o m p a r e d w i t h t h o s e w h o d i d no t rece ive add i t i ona l n o n - C . difficile 

an t ib io t i cs . 

18 . D rekon ja D M , A m u n d s o n W H , D e C a r o l i s D D , etal. An t im ic rob ia l use and risk 

• fo r recur ren t Clostridium difficile i n fec t ion . A m J M e d 2 0 1 1 ; 1 2 4 : 1 0 8 1 . e l -

1 0 8 1 . e 7 . 

Pat ien ts w i t h C D I w e r e a s s e s s e d fo r r isk of i n fec t ion recu r rence b a s e d on 

w h e t h e r they w e r e g iven n o n - C . difficile an t im ic rob ia l s af ter c o m p l e t i o n of therapy 

for C D I ; an t im ic rob ia ls g iven a f te r i n fec t ion w e r e a s s o c i a t e d w i t h a th ree- fo ld 

i nc reased risk. 

19. Mor r i son R H , Hal l N S , S a i d M, e t a/. Risk f ac to rs assoc i a ted w i t h c o m p l i c a 

t ions and morta l i ty in pa t ien ts w i t h Clostridium difficile in fec t ion . C l in Infect 

Dis 2 0 1 1 ; 5 3 : 1 1 7 3 - 1 1 7 8 . 
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